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ABSTRACT 

The O p e r a t i o n a l  In t e rcommunica t ion  System (01s) a t  
Launch Complex 39 i s  a sys tem which t r a n s m i t s  1 1 2  i n d i v i d u a l  
v o i c e  c h a n n e l s  i n  a r a d i o  sys tem o v e r  c o a x i a l  c a b l e s  and i s  
known as t h e  OIS-RF sys t em.  The AS-501 l a u n c h  and i t s  e a r l i e r  
t e s t s  were the  f i r s t  ma jo r  use o f  t h i s  sys t em.  Because o f  a 

t e s t s  were mon i to red  w i t h  a view t o  t h e  s y s t e m  pe r fo rmance  and 
i t s  s u p p o r t  o f  t h e  t e s t s .  

m a j o r  concezarl a'fio-~t, the q u a l i t y  of - 1 - 7  o n  n n m m - i n i  n q t i  n n c  
.,;L', L ' u I I I I I I u I I I ~ c I . " - v L . " ,  t h e  

Fol lowing  t h e  Countdown Demonst ra t ion  T e s t ,  i t  
became a p p a r e n t  t h a t  t h e  m u l t i p l e  s t a t i o n  m o n i t o r s  ( m a j o r  KSC 
p e r s o n n e l  a n T E C - H  p e r s o n n e l )  n o t e d  more o b j e c t i o n a l  per form-  
ance  t h a n  was n o t e d  a t  a c o n v e n t i o n a l  two c h a n n e l  u n i t .  

A s  a r e s u l t ,  mon i to r s  a t  b o t h  KSC and MCC-H were 
employed. I n  g e n e r a l ,  t h e  01s sys t em per formed q u i t e  w e l l .  
Some o f  t h e  a p p a r e n t  problems,  such  as l o c k i n g  microphone k e y s ,  
were r e c o g n i z e d  p r i o r  t o  t h e  t e s t s  and p l a n s  are  underway f o r  
t h e i r  s o l u t i o n .  During t h e  c o u r s e  o f  t h e  t e s t s ,  a marked 
improvement i n  01s performance ,  such  as r educed  n o i s e ,  was n o t e d .  
The f i n a l  day o f  t h e  CDDT and Launch e x h i b i t e d  t h e  b e s t  per form-  
a n c e .  Some problems w i t h  v a r i a t i o n  i n  OIS v o i c e  l e v e l s  and 
w i t h  t r o u b l e  s h o o t i n g  p r o c e d u r e s  were n o t e d ,  b u t  most o f  t hese  
problems were r e c o g n i z e d  d u r i n g  t h e  t e s t s  and  improvements  
i n i t i a t e d .  

Apol lo  4 was t h e  f i r s t  ma jo r  m i s s i o n  employing t h e  
OIS-RF sys t em,  and e x c e p t  f o r  a few majo r  o u t a g e s  d u r i n g  t e s t s ,  
t h e  sys t em worked q u i t e  wei i .  The s q u e l c h e d  A T C  L J L u - l ' L '  Dm - n n - + ~ r n - n  I b L L L  " L I  

can produce  o b j e c t i o n a l  n o i s e .  A number o f  comments on t h i s  
were made a t  c o n s o l e s  where many l o o p s  were mon i to red  a t  t h e  
same t i m e .  T h i s  n o i s e  seemed t o  m o n o t o n i c a l l y  d e c r e a s e  as 
t h e  t e s t s  p r o g r e s s e d .  
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I N T R O D U C T I O N  

The O p e r a t i o n a l  In t e rcommunica t ion  System (Rad io  
Frequency)  OIS(RF) a t  KSC was mon i to red  d u r i n g  t h e  t e s t s  
p r i o r  and d u r i n g  t h e  l a u n c h  o f  Apollo 4 .  Bellcomm (MOS) and 
N A S A  Headquar t e r s  ( I V I U L ~  ) p e r ~ s o r i r i e i  coi-itiniieiislg m z n i t s r e d  zn 
OIS(RF) s t a t i o n  i n  t h e  Communication C o n t r o l  Room ( C C R )  o f  
Launch CnmFlex  39 d u r i n g  t h e  Apol lo  4 Countdown Demons t r a t ion  
Tes ts  ( C D D T ) .  During t h e  F l i g h t  Read iness  T e s t  (FRT) s e v e r a l  
c o n s o l e s  i n  F i r i n g  Room #1 (FR-1)  and t h e  O p e r a t i o n s  Management 
Room C0MR)- w e r e  moni tored  a t  d i f f e r e n t  t i m e s .  MOS o b s e r v e r s  
a l s o  mon i to red  t h e  01s c h a n n e l s  a s  r e c e i v e d  a t  MSC a t  a c o n s o l e  
i n  t h e  Suppor t  Room at t h e  Miss ion  C o n t r o l  C e n t e r  i n  Houston 
(MCC-H)  d u r i n g  t h e  FRT. During t h e  Launch Countdown on November 
8-9, 1967, t h i s  p o s i t i o n  a t  MCC-H and t h e  C C R  p o s i t i o n  a t  LC 39  
were used  t o  m o n i t o r  t h e  01s s y s t e m  per formance .  I n  a d d i t i o n ,  
t a p e  r e c o r d i n g s  made a t  PICC-H d u r i n g  t h e  C D D T  have been  a n a l y z e d  
t o  d e t e r m i n e  t h e  a n r a r e n t  Derformance of  the OIS(RF) c h a n n e l s  
as h e a r d  a t  MCC-H. T h i s  memorandum summarizes t h e  ma jo r  o b s e r -  
v a t i o n s  made d u r i n g  t h e  t e s t s .  

I n  g e n e r a l ,  t h e  01s sys tem per formed q u i t e  w e l l .  
Some of  t h e  a p p a r e n t  problems,  such  as l o c k i n g  microphone k e y s ,  
were r e c o g n i z e d  p r i o r  t o  t h e  t e s t s  and p l a n s  a r e  underway f o r  
t h e i r  s o l u t i o n .  During t h e  c o u r s e  of  t h e  t e s t s ,  a marked improve- 
ment i n  01s pe r fo rmance ,  such as r educed  n o i s e ,  was n o t e d .  The 
f i n a l  day o f  t h e  CDDT and Launch e x h i b i t e d  t h e  b e s t  pe r fo rmance .  
Some problems w i t h  v a r i a t i o n  i n  01s  v o i c e  l e v e l s  and w i t h  t r o u b l e  

r e c o g n i z e d  d u r i n g  t h e  t e s t s  and improvements i n i t i a t e d .  
s h o o t i n g  p r o c e d u r e s  were n o t e d ,  bui rr~ust of  t h e s e  --nhlnmF p1 W U I L - I  I U  were 

Apol lo  4 was t h e  f i r s t  ma jo r  m i s s i o n  employing t h e  
01s-RF s y s t e m ,  and e x c e p t  f o r  a few ma jo r  o u t a g e s  d u r i n g  t e s t s ,  
t h e  s y s t e m  worked q u i t e  w e l l .  The s q u e l c h e d  01s-RF r e c e i v e r  
can  produce  o b j e c t i o n a l  n o i s e .  A number of  comments on t h i s  
were made a t  c o n s o l e s  where many l o o p s  were mon i to red  a t  t h e  
same t i m e .  T h i s  n o i s e  seemed t o  m o n o t o n i c a l l y  d e c r e a s e  as t h e  
t e s t s  p r o g r e s s e d .  
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O b s e r v a t i o n s  a t  KSC Dur ing  Countdown D e m o n s t r a t i o n  T e s t  

Dur ing  t h e  CDDT,  t h e  o b s e r v a t i o n s  i n  t h e  C C R  were 
made a t  a s t a n d a r d  01s-RF s t a t i o n  which was d e s i F n e d  t o  p e r m i t  
a c t i v e  communicat ions on a s i n g l e  c h a n n e l  and  m o n i t o r i n g  on a 
second  c h a n n e l .  Thus, as w i t h  most o f  t h e  u s e r s ,  o b s e r v e r s  
were ab le  t o  m o n i t o r  any t w o  of t h e  1 1 2  c h a n n e l s  on t h e  OIS-RF 
s y s t e m .  The s t a n d a r d  o b s e r v e r  p r o c e d u r e  was t o  c y c l e  t h r u  a l l  
c h a n n e l s  i n  u s e  p e r i o d i c a l l y .  A s  o b s e r v e d  a t  t h i s  s t a t i o n ,  t h e  
p e r f o r m a n c e  a p p e a r e d  t o  b e  q u i t e  good,  a l t h o u g h  complai-nts  a b o u t  
n o i s y  c h a n n e l s  were c v e r h e a r d  s u c h  as t h o s e  ment ioned  by t h e  
MSC p e r s o n n e l  a t  t h e  w l i g h t  R e a d i n e s s  Review; t h e s e  m a j o r  n o i s e  
p rob lems  were n o t  a p p a r e n t  a t  t h e  C C R  m o n i t o r i n g  p o i n t .  

E a r l y  i n  t h e  C D D T ,  a number o f  n o i s y  c h a n n e l s  were  
b r e a k i n g  s a u e l c h  when no c o n v e r s a t i o n  was t z k i n s  p l a c e .  T h i s  

f rom a d j a c e n t  c h a n n e l s .  

m i s t a k e s  which i n c l u d e d  ( a )  open  microphones  caused  b y  t r a n s m i t  
k e y s  h e l d  o r  l o c k e d  open ( b )  l o u d s p e a k e r s  i n  t h e  v i c i n i t y ,  ( c )  
t a l k i n g o n  one l o o p  a n d  r i s t e n i n g - o n  a second l o o p ,  (d) i m p r o p e r  
p o s i t i o n i n g  o f  microphones  and h e a d s e t s ,  ( e )  d e l a y s  i n  r e p o r t i n g  
c h a n n e l  t r o u b l e s  and ( f )  t h e  u s e  of  n o n s t a n d a r d  end i n s t r u m e n t s .  

was apparerii1.y caused "<y b o t h  n o i s c  sour",ec, 2nd V S i C P  s p l a t t e r  

The re  a l s o  appea red  t o  be  q u i t e  a f e w  ois u s e r  

The UHF r a d i o  l i n k s  w i t h  t h e  T r a n s p o r t e r  and Mobile  
S e r v i c e  S t r u c t u r e  (NSS) produced  a g r e a t  d e a l  o f  s t a t i c - l i k e  
n o i s e  when t h e  YSS '&'as be i r ?q  moved t h e  f i r s t  t i m e  d u r i n g  t k e  
CDDT. These l i n k s  were n o t  u s e d  t h e  second t i m e  t h e  IVlSY w a s  
moved. 

The f a i l u r e  o f  t h e  modems ( c o n n e c t o r s ? )  which 
o c c u r r e d  a f e w  times i s  a s i g n i f i c a n t  f a i l u r e  rnode i n  t h e  
01s-RF sys tem and m e r i t s  c a r e f u l  a t t e n t i o n .  The p o i n t - t o - p o i n t  
t e l e p h o n e s  and t h e  p r i v a t e  l o o p s ,  which i n  g e n e r a l  were u s e d  
t o  a v o i d  t r a f f i c  on t h e  OIS(RF), were a l s o  v e r y  u s e f u l  f o r  back-  
up p u r p o s e s .  

t o  b e  workinp i n  a n  a r e a  of e x c e s s i v e  n o i s e .  S e v e r a l  o b s e r v e r s  
r e c o r d e d  t h a t  b o t h  SI30 and t h e  M I L A  USE s t a t i o n  a p p e a r e d  t o  be  
o p e r a t i n g  a t  a n o t i c e a b l y  h i g h e r  v o i c e  l e v e l  t h a n  o t h e r  0 1 s  
s t a t i o n s .  

_. 
'yne S u p e r v i s u r  o f  "naiige Operations (SSO) wzs r?otec! 

During  t h e  C D D T  no Bellcomm o b s e r v e r s  were s t a t i o n e d  
a t  MCC-H. Some t a p e  r e c o r d i n g s  made a t  MCC-H were o b t a i n e d  
t h a t  c o n t a i n e d  t h e  01s c h a n n e l s  a s  h e a r d  a t  MCC-H. I n  g e n e r a l ,  
as n o t e d  e a r l i e r ,  t h e  m u l t i p l e  (more t h a n  two)  m o n i t o r  s t a t i o n s  
s u c h  as t h e  Type 51 u n i t s  a t  KSC and t h e  c o n s o l e s  a t  MCC-H had 
a more o b j e c t i o n a b l e  n o i s e  l e v e l .  
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The o v e r a l l  OIS pe r fo rmance  seemed t o  irnprove d u r i n r  
t h e  c o u r s e  o f  t h e  CDDT up t o  and  i n c l u d i n g  t h e  l a s t  day  on which  
t h e  g e n e r a l  pe r fo rmance  was q u i t e  s a t i s f a c t o r y .  T h i s  was a l s o  
n o t e d  a t  MCC-H, a s  r e p o r t e d  a t  t h e  F l i g h t  R e a d i n e s s  Review. 

O b s e r v a t i o n s  Made a t  KSC Dur ing  t h e  F l i q h t  R e a d i n e s s  Test  (FRT) 

Dur ing  t h e  FRT, t h e  01s was mon i to red  a t  KSC a t  
d i f f e r e n t  t imes from s e v e r a l  p o s i t i o n s  i n  t h e  O p e r a t i o n s  Manage- 
ment Room (OMP.) and from t h e  f i r s t  t i e r  c o n s o l e s  (when a v a i l a b l e )  
i n  F i r i n g  Room 1. The s t a t i o n s  i n  t h e  OYR a l l o w e d  a c c e s s  t o  
f o u r  OIS c h a n n e l s  and t o  t h e  Type 5 1  U n i t s  ( c o n f i g u r e d  f o r  s D e c i f i c  
r e q u i r e m e n t s )  which a l l o w e d  a c c e s ?  t o  up t o  1 8  or 2 0  d i f f e r e n t  01s 
c h a n n e l s .  Bellcornm p e r s o n n e l  a l s o  mon i to red  OIS-RF l i n e s  which  
a p p e a r e d  a t  MSC i n  a Suppor t  Room a d j a c e n t  t o  t h e  C o n t r o l  Room 
a t  MCC-H. 

I n  s e v e r a l  c a s e s  i t  was n o t e d  t h a t  t h e  q u a l i t y  o f  a 

t h a t  o b s e r v e d  on t h e  same c i r c u i t  i n  t h e  OMR. I n  some c a s e s ,  
t h e  q u a l i t y  o f  an  01s-RF c h a n n e l  on t h e  FF s i d e  o f  t h e  Type 5 1  
U n i t  appeared- to  b e - t t e r  t h a n  k h a t  on t h e  same c i r c u i t  when 
i t  a p p e a r e d  on t h e  push  b u t t o n  ( f o u r - w i r e )  s i d e  o f  t h e  same 
c o n s o l e .  

- L o n v r m l  - - - m e - < - -  n t  n 7 ; l < n 4 m -  D e e m  n n m e e l n  I . T ~ _  h n f t n n  t h q n  
b i i a i i i i c i  appeal I I I F  ab u i L Z  1 1 1 6  ~ ~ U U I I I  L U I I U U L L  Y V U O  U L  u VLI U L I U I L  

There  i s  no doub t  t h a t  s i n c e  Ob'% s t a t i o n s  and  t h e  
Type 51 U n i t s  p e r m i t  s i m u l t a n e o u s  m o n i t o r i n g  o f  many loops, a 
n o i s e  l e v e l  t h a t  would n o t  be annoy ing  on a s t a n d a r d  01s s t a t i o n  

c o u l d  become v e r y  d i s t u r b i n g  on a Type 5 1  U n i t .  A t  KSC, t h e  
Type 51 U n i t s  a l l o w  wide volume a d j u s t m e n t  o f  e a c h  c h a n n e l .  One 
s h o u l d  be  v e r y  c a r e f u l  i n  t h e  s e l e c t i o n  and a d j u s t m e n t  ( i f  
r e q u i r e d ) a . n d  keep t h e  number o f  m o n i t o r e d  c h a n n e l s  t o  t h e  
minimum r e q u i r e d .  

( t i - la t  wou-id two chani iz ls  t- be - - v r ? ' C r \ v r n r i  m < - , . l + n - n n , , -  
I I I U l l I L , U I  LU oLIIIuIu(IIILuuol:;)  

There  was an  a p p a r e n t  t y i n g  t o g e t h e r  o f  two m a j o r  
01s c h a n n e l s  (#111 and #121) a t  a b o u t  T-17 m i n u t e s  o f  t h e  FRT 
which  caused  problems i n  t h e  conduc t  o f  t h e  t e s t .  Ano the r  
s i g n i f i c a n t  d i f f i c u l t y  was l o s s  of a m a j o r  OIS-RF c i r c u i t  (#212) 
to MCC-H which l a t e r  was a t t r i b u t e d  t o  a "304 S w i t c h e r  Problem."  

Also d u r i n g  t h i s  t e s t ,  i t  was n o t e d  b y  t h e  w r i t e r  
( a n d  a l s o  ment ioned  by Mr. J a c k  King)  t h a t  t h e  u s e  o f  t h e  OIS 
h e a d s e t  t h r o u g h  a Type 5 1  Uni t  i n t o  t h e  s t a n d a r d  t e l e p h o n e  l i n e s  
p roduced  a number o f  comments a b o u t  p o o r  q u a l i t y  a t  t h e  o t h e r  
e n d  o f  t h e  l i n e .  T h i s  may b e  due  t o  a marked d i f f e r e n c e  i n  end 
i n s t r u m e n t  c h a r a c t e r i s t i c s .  
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Observations Made at MCC-H During the Flight Readiness Test 

At MCC-H it was possible to monitor several loops 
at a time, and most of the loops were part of a four-wire 
system. When monitoring 01s-RF channels f r o m  KSC there was 
often a longer and rising noise level when the squelch level 
was broken. There also appeared to be a considerable amount 
of cross talk on the 01s circuits which hac? appearances at 
MCC-H. It should be noted the MCC-H stations do not have 
individual line volume controls, only a headset master volume 
control. 

Several observations were made at MCC-H when parties 
at KSC were discussing problems about "breaking up" and the 
need to repeat their conversations. At these times, the MCC-H 
could hear both sides of the conversation without any apparent 
? i f f i c i i l t y .  Conversely there were periods on the same loops 
when it was very difficult to monitor because of low signal 
levels yet the parties at KSC were apparently not experiencing 
any a i1  I icuiiy i r i  coI-nziiiyl<atlng ~ i t h  onz a n o t h e r .  - .  ̂ ^.  

013 Obsemat+orrs a% K X  & r i n g  Apollo 4 Launch Countdown 

F o r  the launch count, the multiple 01s stations were 
used by the operational personnel and the 01s monitoring at KSC 
was done from the same location in the CCR of LC 39 as was used 
for the CDDT. In general, the 01s system performance was quite 
g ~ o d .  Only two problems were noted at KSC: 

(1) The external HF radio interference on channel 112 
when the 01s circuits were connected to the pad was 
very noticeable and disturbing. 

(2) The post lift-off channel assignments and communi- 
cations system monitoring were inappropriate. The 
use of some channels for relay of MSFN and MCC-H 
mission conduct would be useful to KSC personnel. 

01s Observations at MCC-H Durinq Apollo 4 Launch Countdown 

In general, the overall 01s communications were 
greatly improved as observed at MCC-H. Two of the major 
channels merited comments. Channel 121 had a marked varia- 
tion in speaker levels (some low, othersloud and mushy) and 
Channel 212 subjectively appeared to be the most noisy. 



c 
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Geperal Summarv of 01s Observations 

The overall 01s communications were generally quite 
good and improved with time. Major problems were associated 
with the locked microphone keys and user practices. Some of 
the communications outages were annoying and ill timed. A 
wide variation in the time required f o r  reportinp and location 
of trouble and in the restoration of service was noted. 

Some of the complaints about ground voice communi- 
cations appear to be related t o  audio line transmission problems 
that are not caused by the RF implementation o f  the 01s at 
Launch Complex 39 and the Manned Spacecraft Operations Building. 

The control of the overall signal levels and the 
location and evaluation of t h e  noise sources should be actively 
c n n t i n u e d  i 

2034-JTR-ew , J. T. Raleigh 
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